[Abstract] Heparin and heparan sulfate (HS) may be purified from complex biological matrices and are often isolated in sub-milligram quantities but not unequivocally identified by spectroscopic means. This protocol details a methodology to rapidly assess the gross compositional features and approximate purity of HS by 1 H nuclear magnetic resonance. A complimentary method for identification and characterisation of heparan sulfate can be found at Carnachan and Hinkley (2017) .
c. Finally, the sample is made up with D2O (0.7 ml) containing 0.2 mg/ml t-BuOH as an internal reference (δ 1 H 1.24 ppm) and transferred to the NMR tube for analysis.
Sample concentration
The concentration of 17 mg/ml has been found to be the minimum necessary for highly reproducible 2-dimensional NMR. The 1 H NMR spectra of this class of compound is significantly affected by pH, cross-linking capable species (e.g., Ca
2+
) and the salt form of the sulfated moieties (Liu et al., 2009; Guerrini et al., 2008) . If such contamination is suspected, the sample should be converted to the sodium salt and dialysed (3,500 MW cutoff) against water exhaustively, before freeze-drying and deuterium exchange. 3. The co-occurrence of the heparin and heparan sulfate N-acetate methyl resonances at δ 2.034 ppm make using this peak for assessing the relative proportion of these species in a sample problematic. However, the intensity of this peak relative to the remainder of the spectrum can be indicative of whether a sample is more heparan sulfate-like, or, more heparin-like. The peak height for the acetate resonance of heparin is equivalent to the peak height of the methine resonances observed at δ ~3.8 ppm, while for heparan sulfate the acetate resonance is ~2.5 fold greater than the methine resonances (see Figure 2 ). Low levels (even up to < 15%) of contaminating heparin in a sample of heparan sulfate are very difficult to confirm or quantitate by 1 H NMR (Keire et al., 2010) , and are more readily assessed using 2-D NMR techniques (Guerrini et al., 2005) . 4 . A semi-quantitative purity assessment can be undertaken for samples containing primarily one GAG (> 90%). Using a known concentration of t-BuOH in D2O and a pure sample of a particular GAG a standard curve may be generated. GAG was weighed out accurately into ~10, 5, 2 and 0.5 mg aliquots and made up with exactly 1.0 ml of t-BuOH standard solution for NMR analysis.
Using integrated areas, the ratio of the acetate peak of the GAG divided by the t-BuOH resonance plotted against the known amount of GAG in solution generates a straight-line relation ( Figure 4) . A sample of unknown purity made up in the same concentration and volume of t-BuOH solution can therefore be assessed for purity compared to the reference material.
Such a standard curve is particularly useful in assessing possible contributions from salt and water concentrations that are effectively invisible to this NMR analysis and not trivial to measure in a non-destructive manner on small samples (< 5 mg). 
